Mobile devices have in the recent years been able to form peer-to-peer networks making it possiblefor people to share information and interact. This technology makes it possible to create new tools that initiate and improve human collaboration. The paper presents experiences from creating a prototype for spontaneous collaboration, supported through the appliance ofpeer-to-peer applications on wireless mobile devices with the ability to form ad-hoc wireless networks. The paper gives an example of an application that promotes human collaboration by using peer-topeer technology, and describes the technological challenges faced when implementing such applications. The paper reflects on some user tests that were carried out using this prototype.
INTRODUCTION
Humans are said to be social animals. We seek contact with other humans, and we are used to collaborate to achieve our goals. By interacting in various ways, we can share information and exchange ideas and opinions. Both in professional and private settings, we use communication as a mean for collaboration. Collaboration is vital for productivity at workplaces. Many research projects have investigated how collaboration can be improved using computers. Most of the earlier research studying human collaboration is based on the premise that interactions between colleagues happen in formal meetings where several persons have long interactions on pre-planned topics. Finn [9] The rest of the paper is organised as follows: Section 2 describes two scenarios that were the motivation for building the tool. Section 3 describes the concepts of the tool. Section 4 presents the evaluation of potential technologies that could be used to develop the tool. Section 5 describes how the tool was developed, tested and experiences from building the tool. Section 6 describes related work, and finally Section 7 concludes the paper.
SPONTANEOUS COLLABORATIVE SCENARIOS
In this section, we will present two scenarios that promote spontaneous collaboration utilizing mobile peer-to-peer networks. The first scenario describes a university working environment with a large number ofemployees that are knowledge workers. There are also a number of technical challenges that must be managed to make the ProMoCoTo application useful in real environments. The application must be able to discover devices through the use of ad-hoc networks. Most wireless networks like infrared, WLAN, and BlueTooth have support for device discovery. Further, the application must be able to react to changes in the network to discover new peers or detect when peers are leaving. The application must also be able to perform search for matching peers to find the correct peers based on some specified search criteria. It is important that the information exchange between the mobile devices is very quick, since the ProMoCoTo application should be used in areas where people come and go. In some cases, this may cause that the information exchange will be interrupted and only parts of the information is exchanged. The application must be able to handle such situations. Lastly, it should be possible to run the application on various mobile devices, to increase its applicability and user base.
THE CONCEPT OF PRO-ACTIVE MO-BILE COLLABORATION TOOL
The initial idea of the ProMoCoTo was to implement a mobile pro-active tool. This means that the tool can operate on its own without user intervention. The pro-active part ofthe tool includes discovery of possible partners for collaboration and the creation ofad-hoc networks where spontaneous collaboration can be conducted.
Since the tool should be used in a mobile environment, it should be possible to run the application on mobile devices. These mobile devices must support wireless networking that can work in peer-to-peer mode.
The main purpose of the ProMoCoTo is to promote collaboration that can occur when co-workers meet by chance, and engage in spontaneous, informal interaction and also information exchange. The application holds a profile containing owner's name, employer, current projects and other useful information. It must also include a detailed list of the owner's professional skills/interest. The user should set own preferences, where the search criterion is a vital part.
When two or more co-workers meet, their mobile devices will discover each other and create an ad-hoc network. This is done without any user intervention. The two or more devices in the ad-hoc network are now treated as peers in the peer-to-peer network. The various entities of ProMoCoTo will immediately start to exchange messages. Figure  I shows how the messages are exchanged. First a query will be sent, and this query is run against the local profile of each peer. If a match is found, the profile will be sent to the remote peer who sent the query. When a profile has been received, the user is notified, and becomes aware of the possibility for interaction and collaboration with nearby users. 
EVALUATION TECHNOLOGY
The initial criterion for selecting technology was that the tool should be possible to run on various mobile platforms.
To enable portability, Java was chosen as the development and execution environment. In addition, the following requirements were used to determine suitability of existing peer-to-peer frameworks:
* Must be able to run on available resource-constrained devices. * Must be able to support wireless ad-hoc communication. * Must provide autonomous peers, and the ad-hoc network must be truly de-centralized. This means that the entire framework and tool must be able to run on the mobile device, without any need for extemal resources such as servers.
Evaluating Peer-to-Peer Frameworks
One of the main objectives of our peer-to-peer project was to evaluate existing peer-to-peer frameworks that can be used to implement peer-to-peer applications on mobile devices. The following candidates were evaluated: 
THE ProMoCoTo PROTOTYPE
This section describes how the prototype was developed, tested and some experiences we gained from building it.
Developing the Peer-to-Peer Application
The ProMoCoTo tool was implemented as a Peerlet in the Proem architecture as shown in Figure 2 . The prototype was implemented in one package to avoid problems with the Jeode JVM's inability to handle complex package hierarchies. Our prototype uses the underlying layers in Proem to handle discovery of nearby devices, message passing, identifying users and groups, event handling, and debugging. The Proem framework also provides support for GUI, but this feature was not used because of its limited functionality. * PROMO-REQUESTLPROFILE: Ifa confirmation is received, the remote peer's profile will be requested. * PROMO-SEND-PROFILE: This message contains the profile of the local peer. Figure 3 shows the three screenshots ofthe user interface of the prototype. Screenshot a shows the GUI for displaying users that match the query of the current user. Screenshot b shows the profile details of one of the persons found that match the query. Screenshot c shows the preferences screen where the user can specify personal information (name, company, profession, skills etc), entering queries to search for matching users, and choosing between passive and active usage mode. In the passive mode, ProMoCoTo just collect information about other users that match the query without notifying the user. In active mode, ProMoCoTo will notify the user if there is another user nearby that matches his query.
This section describes experiences from running the peerto-peer application. The test was based on the university scenario described in Section 2.1.
The tests were performed in the hallways of Department of Computer and Information Science and the Norwegian University of Science and Technology (NTNU). The test persons were employees and students of the department since they were the target users for the application developed (see Section 2) . This meant that all participants in the tests were computer experts and able to provide useful feedback. We helped the participants to enter their profile in the ProMoCoTo, and then asked them to solve a particular programming problem in a project. This programming problem was entered as a query in the tool. To make this test interesting, we picked the programming problems to fit the skills of the participants. During the tests, the authors of this paper observed the involved participants and they were finally questioned about their experiences. Figure 4 shows two participants running the tool (left), and the tool running on an iPAQ (right). In this test we wanted to look at user and implementation issues as described in the paragraphs below. The first aspect we wanted to investigate was if the user experiences of using such a tool would promote spontaneous collaboration. We found that the participants with matching queries and profile found each other when they passed in the hallway, and they started to talk about the programming problem when the tool had notified the match. Initially, it was rather cumbersome to match participants as there was no sound notification when matches where discovered. This caused the various participants to walk around staring at the PDA screen to see if there were any matching persons around. In a later version of the application, a beep was Also, the prototype is independent of existing network infrastructure, and only need the presence of other devices to be truly useful.
Our prototype shares the feature of providing information on nearby peers with implemented concepts such as the Hummingbird and the Hocman. This aspect is also implemented by the AIDA prototype. Both the Proxy Lady and the Hocman prototype add the concept of exchanging information items. This can however be done without additional software once the devices have established an adhoc network, but it could nevertheless be a useful extension of our prototype, providing increased convenience for the users. The filtering of nearby users based on what information items they carry, used in both the Proxy Lady and Proem, closely resembles the concept that will be used in the future prototype to determine what peers that are interesting for collaboration.
Our prototype combines the strengths of several of the described prototypes. In addition to the presence awareness, our prototype uses the concept of filtering interesting remote devices, through matching search criteria to fire a notification and further exchange of information. The information on the owner of the nearby device is accessible on the local device through the exchange of profiles. The main technical difference with our approach is that our prototype can run on general-purpose mobile devices and that it uses Java.
CONCLUSION
In this paper we have presented some experiences from implementing a collaborative application using peer-to-peer technology in Java. We have found a promising application area for peer-to-peer technology that can promote spontaneous collaboration and improve knowledge sharing in big organizations. We have also found that peer-to-peer frameworks for Java are still immature, which makes it difficult to make stable and useful peer-to-peer application in Java. In addition, the lack of peer-to-peer frameworks in J2ME causes Java-based peer-to-peer applications to be limited to only the most powerful PDAs. Such applications have a much broader audience ifthey can be run on mobile phones. The authors of this paper are involved in a project developing a new framework for developing cooperative applications in J2ME called Peer2Me [15] . We have successfully tested an early version of this framework on mobile phones (Nokia 6600 and Sony Ericsson P900) using Bluetooth. The framework provides opportunities to create a palette of collaborative applications for mobile devices utilizing peer-topeer communication.
